Sarcopenia is the degenerative loss of core muscle mass. It is an aspect of frailty, which is associated with increased rates of peri-operative harm. We assessed the association of the cross-sectional areas of abdominal muscles, including psoas, with survival during a median ( , p = 0.08. Shortened hospital stay was independently associated with haemoglobin concentration and adjusted left psoas muscle area, hazard ratio (95%) 1.01 (1.00-1.02) per g.l À1 and 1.05 (1.02-1.07) per mm 2 .kg À0.83
Introduction
Scheduled abdominal aortic aneurysm repair aims to prevent death or serious morbidity from aortic rupture. The decision to proceed with surgery must balance the probability of rupture with the probabilities of peri-operative complications.
Older and sicker patients are offered endovascular repair as the rates of death and morbidity within the first postoperative months are lower than after open repair [1] . The prediction of postoperative outcomes has focused more on cardiopulmonary fitness than frailty. Sarcopenia is the degenerative loss of core muscle mass and function. It is a component of a multifactorial process that leads to frailty with advancing age and acute illness [2, 3] . Sarcopenia may be difficult to detect as it exists in people who are otherwise healthy and in the obese [4] . Muscle bulk can be quantified using the cross-sectional area of the psoas muscle, which is available from computerised tomographic scans taken to plan abdominal aortic aneurysm repair [5] . Sarcopenia is associated with disability and worse outcomes in patients with chronic heart failure or neurological disease, and after surgery [6] [7] [8] [9] [10] [11] . Sarcopenia is associated with increased mortality after open repair of abdominal aortic aneurysm but has not been assessed for endovascular repair [12] .
Models that stratify outcome after abdominal aortic aneurysm repair do not incorporate measures of frailty and have limited discrimination and calibration [13] . Pre-operative assessment, including objective, morphometric measures of sarcopenia, could be used to improve postoperative outcomes as well as predict them [14, 15] .
We aimed to assess the association of sarcopenia with outcomes after scheduled abdominal aortic aneurysm repair.
Methods
We did not seek ethical approval for this retrospective analysis of data that we routinely collected for patients scheduled for abdominal aortic aneurysm repair at the Royal Free Hospital, London, UK, between February 2012 and December 2014.
We analysed the associations of independent variables with postoperative outcomes. The independent variables were: muscle areas on abdominal computerised tomography (CT); sex; age at operation; height; weight and body mass index; renal function (eGFR); and history of myocardial infarction, angina, stroke, transient cerebral ischaemia and hypercholesterolaemia. The CT images were recorded within 12 preoperative months, or within 3 postoperative months if pre-operative scans were unavailable or of insufficient quality. The primary postoperative outcome was survival. Secondary postoperative outcomes were: complications; length of intensive care unit (ICU) and hospital stay; and discharge destination (home or further care). We used the Clavien-Dindo classification for postoperative complications.
Two radiologists, unaware of patient outcomes, measured two muscle areas: total abdominal muscle area and total psoas area. We used software that semiautomatically derived muscle area at the level of the fourth lumbar vertebra; the radiologists then traced the area of each psoas by hand, which when summed gave a combined psoas area (mm 2 ) [10, 12, 16] . We standardised muscle areas to patient height (mm ) [17] . We also measured superficial, visceral and total abdominal fat areas [18] .
We included all patients recorded in our database at the time of analysis. A sample size calculation was therefore not carried out. We used the chi-squared test to compare categorical variables and Student's t-test or Mann-Whitney U-test to compare continuous variables, as appropriate. We performed univariable Cox regression to assess the association of independent variables with survival and secondary outcomes, using the Efron method for tied failures. We entered variables with p < 0.05 into multivariable analyses. We used the Akaike information criterion to select the final model. We used SPSS Version 24.0 (IBM, Chicago, IL, USA) for analyses. *Concentrations for haemoglobin (Hb), albumin and creatinine were missing from 6, 29 and 5 patients, respectively. Muscle measurements were missing for three patients. BMI, body mass index; eGFR, estimated glomerular filtration rate; TAMA/I, total abdominal muscle area/index; SFA, superficial fat area; VFA, visceral fat area; TFA, total fat area; TPA/I, total psoas area/index.
Discussion
We observed an association between increased age and less muscle with mortality after scheduled repair of abdominal aortic aneurysm. Less muscle and anaemia were associated with prolonged hospital stay. The association of less muscle with mortality has been observed after open repair of abdominal aortic aneurysm [12] . We found the association strongest when muscle area was adjusted for body size. The body mass index was not associated with mortality, meaning that sarcopenia, like frailty, may be difficult to detect clinically [4, 8, [19] [20] [21] [22] . Muscle bulk contributes to fitness. Its measurement may or may not provide prognostic information independent of function and cardiopulmonary exercise testing [11, 23] . It is unclear whether thresholds for muscle area and relative bulk, aligned with the term 'sarcopenia', are helpful, or whether the association of muscle with outcomes is continuous [24] . Abdominal CT is conducted routinely before scheduled abdominal aortic aneurysm repair. Muscle area might inform pre-operative nutrition and exercise [25, 26] .
Our findings are subject to the generic biases of a relatively small retrospective study, where 219 of 356 eligible patients were not studied due to incomplete data and imaging. We detected an association with the left psoas muscle size only, but not with the right psoas muscle or total abdominal muscle area. The association and the lack of association may be due to chance. Alternatively, there may be morphometric asymmetry in the association of muscle area and outcome.
Larger, multicentre prospective studies would help to determine whether the association of muscle bulk with outcomes is real, continuous or discontinuous, and whether the prognostic association adds information independent of fitness. Measurements of muscle bulk might inform pre-operative interventions, such as nutrition and exercise, and could indirectly contribute to improved outcomes. 
